Introduction
subventricular zone (SVZ) to the ischaemic region [2] . Neuronal recruitment and angiogenesis are mechanistically linked [6] .
Vascular remodelling stimulates neurogenesis and enhances functional recovery after stroke [7, 8] . Vascular maturation and stabilization are required for functional angiogenesis [9] . The stabilization of endothelial cell barrier function within newly formed capillaries is a critical feature of angiogenesis. Vascular stabilization, which is defined as the investment of mural cells to the endothelial cell layer of nascent vessels, is critical for vascular development, angiogenesis and the maintenance of the established vasculature [9, 10] . The Ang1/Tie2 system controls pericyte recruitment, endothelial cells survival, and is implicated in blood vessel formation and vascular stabilization [11] . Ang1/Tie2 not only promotes angiogenesis and vascular maturation, Ang-1 is also expressed in the motor neurons in the ventral neural tube, and provides a cue for the sprouting vessels [12] . [13, 14] . Statin treatment of stroke animals induces angiogenesis and neurogenesis as well as improves functional outcome after stroke [15, 16] 
The use of 3-hydroxy-3-methylglutaryl (HMG)-CoA reductase inhibitors, or statins, constitutes a well-established and potent strategy for reducing cholesterol levels in human beings. Beyond lowering cholesterol, statins also exert many major beneficial effects, including enhancement of endothelial function, angiogenesis and reductions of inflammatory responses

. Whether simvastatin regulates vascular stabilization and neuroblast migration to cerebral vasculature has not been investigated. In this study, we test the hypothesis that simvastatin increases Ang1/Tie2 expression, which mediates simvastatin-induced vascular stabilization and neuroblast microvasculature coupling after stroke.
Methods
MCAo model and simvastatin administration
Young adult male Wistar rats weighing 270-300 g (n ϭ 30, age 2-3 month) were employed in all our experiments. All [18, 19] . [20] . 
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Statistical analysis
Independent Samples t-test was used to test for Ang1, Tie2, DCX and Occludin gene and protein expression between two groups with and without simvastatin treatment in vitro and in vivo. One-way ANOVA and least significant difference (LSD) analysis after post hoc test was used for testing the data of capillary tube formation and SVZ cell migration in vitro.
The data are presented as mean Ϯ SE; P < 0.05 is considered significant. [18, 19] . Figure 2A shows that simvastatin treatment of stroke significantly decreases BBB leakage compared to control MCAo rats. The Ang1/Tie2 axis plays a crucial role in mediating vascular stabilization and maturation [11] . The pericyte-derived multimeric Ang-1/Tie-2 pathway induces the expression of tight junction protein Occludin [27] . Occludin, is a tight junction protein, and an index of microvascular integrity [28] . To identify the mechanism by which simvastatin treatment decreased BBB leakage, Ang1/Tie2 and Occludin expression were measured in the ischaemic brain. Figure 2B- 
Results
Simvastatin treatment decreases BBB leakage and increases Ang1, Tie2 and Occludin expression in the ischaemic brain
To test whether simvastatin treatment of stroke rats decreases BBB leakage, vascular permeability was quantitatively evaluated by fluorescent detection of extravasated Evans blue dye
Simvastatin treatment promotes neuroblast migration
Ang1 not only regulates angiogenesis and vascular stabilization, but also affects neuroblast migration after stroke [5] .
DCX, is a marker of migrating developmental neuronal cells. To test whether simvastatin promotes neuronal migration, DCX immunostaining was performed in the coronal section. To test whether simvastatin-mediated increase of Ang1/Tie2 expression is related to neuroblast migration, DCX/Ang1 and DCX/Tie2 double immunostaining was performed. Figure 3 show that simvastatin treatment (B and C) significantly increases DCX expression in the ischaemic border compared to control MCAo rats (A and C). The DCX positive cells were primarily located around vessels (D). The double immunostaining show that DCX positive cells also close to Tie2 (E) and Ang1 (F) reactive cells. These data suggest that simvastatin increases neuroblast migration, which may be mediated by increased Ang1/Tie2 expression and vascular remodelling.
Simvastatin increases brain endothelial cell Ang1, Tie2 gene and protein expression and Tie2 activity
To gain insight into the mechanism by which simvastatin promotes vascular stabilization and neuroblast-vascular coupling, RBMECs culture were employed. Figure 4 shows that simvastatin treatment significantly increases RBMEC Ang1 gene (A), Ang1/Tie2 protein expression, and also promotes phospho-Tie2 activity (B) compared to non-treatment RBMEC control.
Simvastatin increases capillary tube formation; inhibition of Ang1/Tie2 pathway attenuates simvastatin-induced capillary tube-like formation
To test the mechanism of simvastatin regulation of angiogenesis, capillary tube-like formation assays were performed in vitro. Figure 5 shows capillary tube formation after 5 hrs in culture.
Simvastatin (B and F) significantly increases capillary tube formation compared to non-treatment control at 5 hrs after culture (A and F, P < 0.05). Inhibition of Ang1 (C and F) significantly attenuates, but not completely inhibits simvastatin-induced tube formation (P < 0.05). Knockdown Tie2 expression in endothelial cell (E and F) significantly inhibits simvastatin-induced tube formation (P < 0.05). These data indicate that simvastatin induces angiogenesis. Ang1 partially mediates simvastatin-induced tube formation. In addition, Tie2 expression in endothelial cells is essential for simvastatin-induced tube formation.
Simvastatin induces SVZ explant cell migration. Inhibition of Ang1 attenuates simvastatin-induced SVZ cell migration
To further test whether simvastatin induces neuroblast migration, we use an in vitro SVZ explant culture model. SVZ explants were isolated from MCAo and simvastatin-treated rats. SVZ explants were cultured in matrigel and treated with Anti-Ang1 antibody for 7 days. SVZ explant migration length was measured at 7 days after culture. Our data (Fig. 6) [11] . Ang1 acts directly on mural cells or their precursors to facilitate their recruitment to new blood vessels [29, 30] . Ang1-induced Tie2 phosphorylation is an essential process for vasculogenesis and maintaining vascular endothelial integrity [31] . Previous studies have found that the nitric oxide donor, [34] [35] [36] . Our previous studies have found that statins promote angiogenesis after stroke [15] . Inhibiting the Ang1/Tie2 pathway using anti-Ang1 antibody or Tie2, siRNA subsequently attenuates simvastatin-induced angiogenesis. Therefore, Ang1/Tie2 pathway may play a role in simvastatin-induced angiogenesis and vascular stabilization.
The 'vascular niche' may reflect coordinated development and maintenance of both the nervous and vascular systems [37] . Vascular signalling via angiogenesis influences neural progenitor cell migration and survival [38] . Immature neurons localize in the peri-infarct cortex in a neurovascular niche, where neurogenesis is causally linked to angiogenesis through the vascular factors [2, 6, 16, [38] [39] [40] . Ang1 has a unique role in the nervous system in addition to its angiogenic role [41] ; it is a chemoattractant for neuronal migration and supports neurite outgrowth from dorsal root ganglion cells positive for Tie2 receptor [2, 5, 42] 
